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(67)  The invention relates to a bicycle chain (100)
comprising:

a pair of outer plates (4), wherein the pair of outer plates
(4) defines a width of the bicycle chain (100) in a trans-
verse direction;

a pair of inner plates (3) positioned at least partially be-
tween the pair of outer plates (4); and

aconnecting pin assembly (5) connecting the pair of outer
plates (4) with the pair of inner plates (3), wherein the

connecting pin assembly (5) comprises:

a first rocker pin (8);

a second rocker pin (7); and

a center pin (6) between the first rocker pin (8) and the
second rocker pin (7) in a longitudinal direction, wherein
a length of the center pin (6) in the transverse direction
is less than the width of the bicycle chain (100).
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Description
Field of the invention

[0001] This application relates to a chain for a bicycle,
and, more particularly, to a chain with rocker joints for a
bicycle.

Background of the invention

[0002] Many modern multi-gear bicycle drivetrains use
bushing-roller style chains that are specifically designed
for the bicycle drivetrain application. Such existing chains
may be effective at transferring power in certain scenar-
ios, but overall suffer from several drawbacks. For ex-
ample, bushing-roller style chains may have a high wear
rate due to internal sliding surfaces between the compo-
nents of the chain. These sliding surfaces also create a
high degree of friction in the chain, when used on a bi-
cycle. Although, existing silent chains may create a lower
degree of friction in the chain, these chains offer only
limited articulation for the links of the chains, and there-
fore cannot be used on a bicycle. Also, existing silent
chains with rocker pins do commonly include parts of the
chain pins or chain accessories that protrude transverse-
ly beyond an outer surface of outer plates and are ob-
structive because these parts can come into contact in
an undesirable and disruptive manner with an adjacent
sprocket. Additionally, existing silent chains with rocker
pins do not allow for chain skew in a transverse direction
and are not able to operate under a high degree of lateral
sprocket misalignment, and thereby cannot be used as
bicycle chains. Prior art US 6,572,504 by Wakabayashi
describes an inverted tooth silent chain utilizing a center
pin positioned between two outer rocking pins at the joint
of rotatable articulation. However, in order for Wakaba-
yashi’s invention to properly function it is a necessity to
incorporate a set of inboard and outboard external wash-
ers affixed to the center pin. The external washers are
used to stabilize the center pin, and thereby avoid disas-
sembly of the chain. Modern multi-gear bicycle chains
need to be very narrow to fit between the closely spaced
sprockets on the rear multi-sprocket cassette to avoid
interference with the adjacent sprockets on the cassette.
Therefore, external washers cannot be used on a bicycle
chain because the width of the chain will be too great to
fit on a multi-sprocket cassette. US 4,186,617 by Avra-
madis describes a hybrid rocker joint roller chain, which
uses a roller to possess the ability to engage with the
roller-receiving sprocket teeth, yet the hybrid chain re-
places the traditional round pin and bushing rotational
sliding elements with a pair of higher-efficiency rocking
pins atthe internal rotatable joint. However, the teachings
of Avramadis are not suitable for a modern multi-gear
bicycle drivetrain application. This is due to the invention
of Avramadis will notbe able toaccommodate 72 degrees
of total rotatable link articulation as is needed on modern
bicycle chains
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Summary of the invention

[0003] The terms "invention," "the invention," "this in-
vention" and "the present invention" used in this patent
are intended to refer broadly to all of the subject matter
of this patent and the patent claims below. Statements
containing these terms should be understood not to limit
the subject matter described herein or to limit the mean-
ing or scope of the patent claims below. Embodiments
of the invention covered by this patent are defined by the
claims below, not this summary. This summary is a high-
level overview of various embodiments of the invention
and introduces some of the concepts that are further de-
scribed in the Detailed Description section below. This
summary is not intended to identify key or essential fea-
tures of the claimed subject matter, nor is it intended to
be used inisolation to determine the scope of the claimed
subject matter. The subject matter should be understood
by reference to appropriate portions of the entire speci-
fication of this patent, any or all drawings, and each claim.
[0004] According to certain embodiments, a bicycle
chain includes a pair of outer plates and a pair of inner
plates. The pair of outer plates defines a width of the
bicycle chain in a transverse direction, and the pair of
inner plates is positioned at least partially between the
pair of outer plates. The bicycle chain also includes a
connecting pin assembly connecting the pair of outer
plates with the pair of inner plates. In various embodi-
ments, the connecting pin assembly includes a first rock-
er pin, a second rocker pin, and a center pin between the
first rocker pin and the second rocker pin in a longitudinal
direction. In some embodiments, a length of the center
pin in the transverse direction is less than the width of
the bicycle chain.

[0005] According to various embodiments, a bicycle
chainincludes a pair of outer plates, a pair of inner plates,
and a connecting pin assembly connecting the pair of
outer plates with the pair of inner plates. The pair of outer
plates includes outer surfaces and inner surfaces. The
outer surfaces are outermost surfaces of the bicycle
chain in a transverse direction, and the inner surfaces
face each other. The connecting pin assembly includes
a first rocker pin, a second rocker pin, and a center pin
between the first rocker pin and the second rocker pin in
a longitudinal direction. The center pin includes a pair of
opposing ends in the transverse direction, and the inner
surfaces of the pair of outer plates cover the opposing
ends of the center pin and constrain the center pin in the
transverse direction.

[0006] According to some embodiments, a bicycle
chain includes a pair of outer plates that are elongated
in a longitudinal direction and include outer surfaces and
inner surfaces. The outer surfaces are outermost surfac-
es of the bicycle chain in a transverse direction, and the
inner surfaces face each other. The bicycle chain also
includes a pair of inner plates at least partially between
the inner surfaces of the pair of outer plates. In certain
embodiments, the bicycle chain also includes a connect-
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ing pin assembly connecting the pair of outer plates with
the pair of inner plates. The connecting pin assembly
includes a first rocker pin extending between the pair of
outer plates, a second rocker pin extending between the
pair of inner plates, and a center pin between the first
rocker pin and the second rocker pin in the longitudinal
direction. In some embodiments, the first rocker pin is
fixedly connected to the pair of outer plates. In various
embodiments, the center pin is not fixed to the pair of
inner plates and is not fixed to the pair of outer plates.
[0007] According to certain embodiments, a bicycle
chain includes pair of outer plates having outer surfaces
and inner surfaces, where a distance between the outer
surfaces is a width of the bicycle chain in a transverse
direction. The bicycle chain also includes a pair of inner
plates at least partially between the pair of outer plates.
The bicycle chain may also include a connecting pin as-
sembly connecting the pair of outer plates with the pair
of inner plates. In certain embodiments, the connecting
pin assembly includes a first rocker pin having a first en-
gagement face, a second rocker pin having a second
engagementface, and a center pin between the firstrock-
er pin and the second rocker pin. In some embodiments,
the center pin includes a first center engagement face
configured to engage the first engagement face and a
second center engagement face configured to engage
the second engagement face. In various embodiments,
the first engagement face, the second engagement face,
the first center engagement face, the second center en-
gagement face each have a convex profile. In certain
embodiments, a length of the center pin in the transverse
direction is less than the width of the bicycle chain, and
the inner surfaces of the pair of outer plates constrain
the center pin in the transverse direction.

[0008] The invention further relates to a bicycle chain
comprising: a pair of outer plates, wherein the pair of
outer plates defines a width of the bicycle chainin a trans-
verse direction; a pair of inner plates positioned at least
partially between the pair of outer plates; and a connect-
ing pin assembly connecting the pair of outer plates with
the pair of inner plates, wherein the connecting pin as-
sembly comprises: a first rocker pin; a second rocker pin;
and a center pin between the first rocker pin and the
second rocker pin in a longitudinal direction, wherein a
length of the center pin in the transverse direction is less
than the width of the bicycle chain.

[0009] According to an embodiment of the invention,
the first rocker pin comprises a first engagement face;
the second rocker pin comprises a second engagement
face; the center pin comprises a first center engagement
face configured to engage the first engagement face of
the first rocker pin and a second center engagement face
configured to engage the second engagement face of
the second rocker pin; and the first engagement face,
the second engagement face, the first center engage-
mentface, and the second center engagement face each
comprise a non-linear profile.

[0010] According to an embodiment of the invention,

10

15

20

25

30

35

40

45

50

55

the first engagement face, the second engagement face,
the first center engagement face, and the second center
engagement face each comprise a convex profile.
[0011] According to an embodiment of the invention,
the non-linear profile of the first engagement face is dif-
ferent from the non-linear profile of at least one of the
second engagement face, the first center engagement
face, or the second center engagement face.

[0012] According to an embodiment of the invention,
an angle of articulation of the pair of outer plates relative
to the pair of inner plates is -40° to +40° from a horizontal
axis.

[0013] According to an embodiment of the inventio, the
first rocker pin extends between the pair of outer plates
and is fixedly connected to the pair of outer plates, where-
inthe second rocker pin extends between the pair of inner
plates, and wherein a length of the second rocker pin in
the transverse direction is less than the width of the bi-
cycle chain.

[0014] According to an embodiment of the invention,
the second rocker pin is fixedly connected to the pair of
inner plates.

[0015] According to an embodiment of the invention,
the pair of outer plates constrain the center pin in the
transverse direction.

[0016] According to an embodiment of the invention,
the connecting pin assembly further comprises a roller
encompassing at least a portion of the first rocker pin, at
least a portion of the second rocker pin, and at least a
portion of the center pin.

[0017] The invention further relates to a bicycle chain
comprising: a pair of outer plates, wherein the pair of
outer plates comprises outer surfaces and inner surfac-
es, wherein the outer surfaces are outermost surfaces
of the bicycle chain in a transverse direction, and wherein
the inner surfaces face each other; a pair of inner plates;
and a connecting pin assembly connecting the pair of
outer plates with the pair ofinner plates, wherein the con-
necting pin assembly comprises: a first rocker pin; a sec-
ond rocker pin; and a center pin between the first rocker
pin and the second rocker pin in a longitudinal direction
and comprising a pair of opposing transverse ends,
wherein the inner surfaces of the pair of outer plates cover
the opposing transverse ends of the center pin and con-
strain the center pin in the transverse direction.

[0018] According to an embodiment of the invention,
a length of the center pin in the transverse direction is
less than a distance between the outer surfaces of the
outer plates.

[0019] According to an embodiment of the invention,
the first rocker pin extends between the pair of outer
plates and is fixedly connected to the pair of outer plates,
wherein the second rocker pin extends between the pair
ofinner plates, and wherein a length of the second rocker
pin in the transverse direction is less than the width of
the bicycle chain.

[0020] According to an embodiment of the invention,
the second rocker pin is fixedly connected to the pair of
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inner plates.

[0021] According to an embodiment of the invention,
the first rocker pin comprises a first engagement face;
the second rocker pin comprises a second engagement
face; the center pin comprises a first center engagement
face configured to engage the first engagement face of
the first rocker pin and a second center engagement face
configured to engage the second engagement face of
the second rocker pin; and the first engagement face,
the second engagement face, the first center engage-
mentface, and the second center engagement face each
comprise a non-linear profile.

[0022] The invention further relates to a bicycle chain
comprising: a pair of outer plates elongated in a longitu-
dinal direction, wherein the pair of outer plates comprises
outer surfaces and inner surfaces, wherein the outer sur-
faces are outermost surfaces of the bicycle chain in a
transverse direction, and wherein the inner surfaces face
each other; a pair ofinner plates at least partially between
the inner surfaces of the pair of outer plates; and a con-
necting pin assembly connecting the pair of outer plates
with the pair of inner plates, wherein the connecting pin
assembly comprises: afirstrocker pin extending between
the pair of outer plates, wherein the first rocker pin is
fixedly connected to the pair of outer plates; a second
rocker pin extending between the pair of inner plates;
and a center pin between the first rocker pin and the
second rocker pin in the longitudinal direction, wherein
the center pin is not fixed to the pair of inner plates and
is not fixed to the pair of outer plates.

[0023] According to an embodiment of the invention,
a length of the center pin in the transverse direction is
less than a length of the first rocker pin in the transverse
direction.

[0024] According to an embodiment of the invention,
a length of the center pin in the transverse direction is
less than a distance between the outer surfaces of the
pair of outer plates.

[0025] According to an embodiment of the invention,
the first rocker pin comprises a first engagement face;
the second rocker pin comprises a second engagement
face; the center pin comprises a first center engagement
face configured to engage the first engagement face of
the first rocker pin and a second center engagement face
configured to engage the second engagement face of
the second rocker pin; and the first engagement face,
the second engagement face, the first center engage-
mentface, and the second center engagement face each
comprise a non-linear profile.

[0026] According to an embodiment of the invention,
the second rocker pinis notfixed to the pair ofinner plates
and is not fixed to the pair of outer plates.

[0027] According to an embodiment of the invention,
the inner surfaces of the pair of outer plates cover op-
posing transverse ends of the center pin in the transverse
direction and constrain the center pin in the transverse
direction.

[0028] Furthermore, the invention relates to a bicycle
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chain (100) comprising:
a pair of outer plates (4),
a pair of inner plates (3),; and

a connecting pin assembly (5) connecting the pair
of outer plates (4) with the pair of inner plates (3),
wherein the connecting pin assembly (5) comprises:

a first rocker pin (8);
a second rocker pin (7); and

a center pin (6) between the first rocker pin (8)
and the second rocker pin (7) in a longitudinal
direction.

[0029] The presentbicycle chain may advantageously
feature a reduced wear rate but also a reduced friction
in the present context.

[0030] In an embodiment of the invention the pair of
outer plates (4) defines a width of the bicycle chain (100)
in a transverse direction.

[0031] In an embodiment of the invention the pair of
outer plates (4) comprises outer surfaces and inner sur-
faces, wherein the outer surfaces are outermost surfaces
of the bicycle chain (100) in a transverse direction, and
wherein the inner surfaces face each other;

[0032] In an embodiment of the invention the pair of
inner plates are positioned at least partially between the
pair of outer plates (4)

[0033] In an embodiment of the invention a length of
the center pin (6) in the transverse direction is less than
the width of the bicycle chain (100).

[0034] In an embodiment of the invention the center
pin (6) between the first rocker pin (8) and the second
rocker pin (7) in the longitudinal direction comprises a
pair of opposing transverse ends, wherein the inner sur-
faces of the pair of outer plates (4) cover the opposing
transverse ends of the center pin (6) and constrain the
center pin (6) in the transverse direction

[0035] Inanembodiment of the invention the first rock-
er pin is extending between the pair of outer plates (4),
wherein the first rocker pin (8) is fixedly connected to the
pair of outer plates (4) and the second rocker pin (7)
extends between the pair of inner plates (3).

[0036] In an embodiment of the invention the center
pin (6) is not fixed to the pair of inner plates (3) and is
not fixed to the pair of outer plates (4).

[0037] In an embodiment of the invention a length of
the center pin (6) in the transverse direction is less than
a length of the first rocker pin (8) in the transverse direc-
tion.

[0038] In an embodiment of the invention a length of
the center pin (6) in the transverse direction is less than
a distance between the outer surfaces of the pair of outer
plates (4).
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[0039] Inanembodimentofthe inventionthe inner sur-
faces of the pair of outer plates (4) cover opposing trans-
verse ends of the center pin (6)in the transverse direction
and constrain the center pin (6) in the transverse direc-
tion.
[0040] In an embodiment of the invention

the first rocker pin (8) comprises a first engagement
face;

the second rocker pin (7) comprises a second en-
gagement face;

the center pin (6) comprises a first center engage-
ment face (9) configured to engage the first engage-
ment face of the first rocker pin (8) and a second
center engagement face (10) configured to engage
the second engagement face (10) of the second
rocker pin (7); and

the first engagement face, the second engagement
face, the first center engagement face (9), and the
second center engagement face (10) each comprise
a non-linear profile.

[0041] In an embodiment of the invention the first en-
gagement face, the second engagement face, the first
center engagement face (9), and the second center en-
gagement face (10) each comprise a convex profile.
[0042] In an embodiment of the invention the first en-
gagement face is different from the non-linear profile of
at least one of the second engagement face, the first
center engagement face, or the second center engage-
ment face.

[0043] In an embodiment of the invention an angle of
articulation of the pair of outer plates (4) relative to the
pair of inner plates (3) is -40° to +40° from a horizontal
axis.

[0044] Various implementations described in the
presentdisclosure can include additional systems, meth-
ods, features, and advantages, which cannot necessarily
be expressly disclosed herein but will be apparent to one
of ordinary skill in the art upon examination of the follow-
ing detailed description and accompanying drawings. It
is intended that all such systems, methods, features, and
advantages be included within the present disclosure and
protected by the accompanying claims.

The drawings

[0045] Various embodiments of the invention will in the
following be described with reference to the drawings
where

FIG. 1is a perspective view of a bicycle chain having
at least one inner link, at least one outer link, and at
least one connecting pin assembly according to var-
ious embodiments.
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FIG. 2A is a side view of the bicycle chain of FIG. 1
with some of the inner plates and outer plates re-
moved.

FIG. 2B is a top view of the bicycle chain of FIG. 1
with some of the inner plates and outer plates re-
moved.

FIG. 2C is a sectional view of the bicycle chain of
FIG. 1 taken along line 2C - 2C in FIG. 2A.

FIG. 3 is a side sectional view of a portion of the
bicycle chain of FIG. 1.

FIG. 4 is a perspective view of the bicycle chain of
FIG. 1 with some of the inner plates and outer plates
removed.

FIG. 5 is an exploded perspective view of a portion
of the bicycle chain of FIG. 1.

FIG. 6 is an exploded top view of a portion of the
bicycle chain of FIG. 1.

FIG. 7 is a side sectional view of a portion of the
bicycle chain of FIG. 1.

FIG. 8 is a side sectional view of the bicycle chain
of FIG. 1 on a sprocket according to various embod-
iments.

FIG. 9 is a side sectional view of a portion of the
bicycle chain of FIG. 1.

FIG. 10A is a side view of an inner link for a bicycle
chain according to various embodiments.

FIG. 10B is a sectional view of the inner link of FIG.
10A taken along line 10B - 10B in FIG. 10A.

FIG. 11A is a side view of an inner link for a bicycle
chain according to various embodiments.

FIG. 11B is a sectional view of the inner link of FIG.
11A taken along line 11B - 11B in FIG. 11A.

FIG. 12Ais a side view of one of the outer link of the
bicycle chain of FIG. 1.

FIG. 12B is a sectional view of the outer link of FIG.
12A taken along line 12B - 12B in FIG. 12A.

FIG. 13A is a side view of an outer link for a bicycle
chain according to various embodiments.

FIG. 13B is a sectional view of the outer link of FIG.
13A taken along line 13B - 13B in FIG. 13A.
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FIG. 14A is a side view of an outer link for a bicycle
chain according to various embodiments.

FIG. 14B is a sectional view of the outer link of FIG.
14A taken along line 14B - 14B in FIG. 14A.

FIG. 15is a sectional view of an inner link for a bicycle
chain according to various embodiments.

FIG. 16 illustrates the bicycle chain of FIG. 1 on
sprockets and pulley wheels according to various
embodiments.

FIG. 17 is a side sectional view of a portion of a bi-
cycle chain according to various embodiments.

FIG. 18 is another side sectional view of a portion of
bicycle chain according to various embodiments.

FIG. 19A is a side view of a portion of a bicycle chain
according to various embodiments.

FIG. 19B is a sectional view of the bicycle chain of
FIG. 19A.

FIG. 20 is a side sectional view of a bicycle chain
having at least one inner link, at least one outer link,
and at least one connecting pin assembly according
to various embodiments.

FIG. 21 is a side sectional view of a bicycle chain
having at least one inner link, at least one outer link,
and at least one connecting pin assembly according
to various embodiments.

Detailed description

[0046] The subject matter of embodiments of the
present invention is described here with specificity to
meet statutory requirements, but this description is not
necessarily intended to limit the scope of the claims. The
claimed subject matter may be embodied in other ways,
may include different elements or steps, and may be used
in conjunction with other existing or future technologies.
This description should not be interpreted as implying
any particular order or arrangement among or between
various steps or elements except when the order of in-
dividual steps or arrangement of elements is explicitly
described. Directional references such as "up," "down,"
"top," "bottom," "left," "right," "front," and "back," among
others areintended to referto the orientation asiillustrated
and described in the figure (or figures) to which the com-
ponents and directions are referencing but are not in-
tended to imply any particular configuration.

[0047] Described herein is a chain for bicycles that in-
cludes a plurality of chain links that are rotatably con-
nected via one or more connecting pin assemblies having
a first rocker pin, a second rocker pin, and a center pin.
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The center pin is between the first rocker pin and the
second rocker pin in a longitudinal (e.g., length) direction
of the chain and a length of the center pinin a transverse
direction is less than a width of the bicycle chain in the
transverse direction. The center pin may have independ-
ent movement and is not fixed to an adjacent structure.
Such a floating center pin may allow for freedom of rota-
tion of said center pin and allows the chain to maintain a
narrow profile while minimizing or preventing the center
pin from escaping the chain.

[0048] In certain aspects, the bicycle chains described
herein may have a reduced width in the transverse di-
rection compared to existing chains. Additionally, the bi-
cycle chains described herein may allow for the lateral
flex of the chain. As a non-limiting example, the rocker
pins may not be firmly affixed to the associated pair of
inner plates, and the innerlinks can pivot (yaw) somewhat
in relation to and at the contact point of the rocker pin in
response to forced chain skew, thereby allowing an in-
crease in the lateral chain bending ability. Alternative em-
bodiments with alternative design elements between the
inner plates and the rocker pins are provided to allow
pivoting of the inner plates, ultimately providing for in-
creased chain lateral flex.

[0049] FIGS. 1-9illustrate an embodiment of a bicycle
chain 100 that includes one or more inner links 1, one or
more outer links 2, and one or more connecting pin as-
semblies 5. The number of inner links 1, outer links 2,
and connecting pin assemblies 5 illustrated in the figures
should not be considered limiting, as the bicycle chain
100 may include any desired number of inner links 1,
outer links 2, and/or connecting pin assemblies 5 as de-
sired. The outer links 2, inner links 1, and connecting pin
assemblies 5 are described in detail below.

Outer Links

[0050] Each outer link 2 includes a pair of outer plates
4, and each outer plate has an inner face 18 and an outer
face 33. When the outer link 2 is assembled, the inner
faces 18 of the pair of outer plates 4 face each other, and
the outer faces 33 of the pair of outer plates 4 face in
opposing directions. In certain embodiments, the outer
faces 33 may be the outermost surfaces of the chain 100
in the transverse direction. In various embodiments, and
as illustrated in FIG. 2B, a distance 24 between the outer
faces 33 is a width of the chain 100.

[0051] In certain embodiments, the outer plates 4 are
elongated in a longitudinal direction. The outer plates 4
may have various shapes or profiles as desired and may
be any shape that can engage with the sprockets of the
bicycle drivetrain. In the embodiment of FIGS. 1-9, the
outer plates have a generally oval or dog-bone shape
when viewed in the transverse direction.

[0052] Each outer plate 4 has opposing end regions
31, and each end region 31 may include a connecting
feature 32. In certain embodiments, the connecting fea-
tures 32 may be various suitable mechanisms or features
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for engaging the connecting pin assembly 5 as discussed
in detail below. In some non-limiting examples, the con-
necting features 32 may include outer plate apertures
14. In such embodiments, the outer plate apertures 14
may have various suitable shapes or profiles as desired.
As one non-limiting embodiment, FIGS. 1-9 illustrate the
outer plate apertures 14 with a third moon shape. As
another non-limiting embodiment, FIG. 17 illustrates an-
other example of a bicycle chain 1700 thatis substantially
similar to the bicycle chain 100 except that outer plate
aperture 1714 are third moon shape with a different ori-
entation compared to that of FIGS. 1-9. As a further non-
limiting embodiment, FIGS. 19A-B illustrate another em-
bodiment of a bicycle chain 1900 that is substantially sim-
ilar to the bicycle chain 100 except that outer plate aper-
tures 1914 are a half moon shape. Other moon shaped
portions (e.g., 2/3, 2/5, etc) may be utilized as desired in
other embodiments, and in further embodiments, the out-
er plate apertures may be other shapes and do not need
to be limited to moon shaped portions.

Inner Links

[0053] Each inner link 1 includes a pair of inner plates
3, and each inner plate 3 includes an inner face 28 and
an outer face 35. When the inner link 1 is assembled, the
innerfaces 28 of the pair of inner plates 3 face each other,
and the outer faces 35 of the pair of inner plates 3 face
in opposing directions. In certain embodiments, the outer
faces 35 of the inner plates 3 may face (and optionally
contact) corresponding inner faces 18 of the outer plates
4,

[0054] In certain embodiments, the inner plates 3 are
elongated in the longitudinal direction. In some embodi-
ments, the inner plates 3 may have a shape or profile
that is substantially similar to the shape or profile of the
outer plates 4, although they need not in other embodi-
ments and may have various shapes or profiles as de-
sired and/or any shape which can engage with the
sprockets of the bicycle drivetrain. In the embodiment of
FIGS. 1-9, similar to the outer plates 4, the inner plates
3 have a generally oval or dog-bone shape when viewed
in the transverse direction.

[0055] Similar to the outer plates 4, and as best illus-
trated in FIG. 5, for example, each inner plate 3 has op-
posing end regions 29, and each end region 29 may in-
clude a connecting feature 30. The connecting features
30 may be various suitable mechanisms or features for
engaging the connecting pin assembly 5. In some non-
limiting examples, the connecting features 30 may in-
clude inner plate apertures 17. In various aspects, each
inner plate aperture 17 has an aperture face 21. Option-
ally, the aperture face 21 may include an indentation de-
fined in the aperture face 21 and/or may include a pro-
trusion that extends into the inner plate aperture 17. In
other embodiments, and as illustrated in FIG. 1, for ex-
ample, the aperture face 21 need notinclude a protrusion,
indentation, or other feature as desired. The inner plate
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aperture 17 may have various shapes or profiles as de-
sired. As one non-limiting embodiment, in FIGS. 1-7, the
inner plate aperture 17 has a generally circular profile.
As another non-limiting embodiment, FIG. 21 illustrates
the bicycle chain 2100 that is substantially similar to the
bicycle chain 100 except that the inner plate apertures
2117 have an oval shape. In various embodiments, at
least one aspect of the connecting features 30 may be
different from a corresponding aspect of the connecting
features 32.

Connecting Pin Assembly

[0056] As illustrated in FIGS. 1-9, the connecting pin
assembly 5 includes a first rocker pin 8, a second rocker
pin 7, and a center pin 6.

[0057] Thefirstrocker pin 8 is associated with the outer
link 2 and extends between the pair of outer plates 4, and
in various embodiments, the first rocker pin 8 may extend
through the inner plate apertures 17 of the inner link 1.
In some cases, a length of the first rocker pin 8 in the
transverse direction may be less than or equal to the
width of the chain 100. In certain embodiments, the first
rocker pin 8 is fixed relative to the outer plates 4. Such
attachment may secure the chain links from disassembly.
The first rocker pin 8 may also extend through the inner
plate apertures 17. In some embodiments, and as illus-
trated in FIGS. 5, 12A, and 12B, the first rocker pin 8 is
a separate component that is firmly secured by press fit
or other means into the outer plate apertures 14 of the
pair of outer plates 4 to form a rigid connection between
the first rocker pin 8 and the pair of outer plates 4. FIGS.
13A-B illustrate another embodiment of an outer link
1302 thatis substantially similar to the outer link 2 except
that the first rocker pins 8 are monolithically or integrally
formed with one of the outer plates 4 (e.g., via forging,
casting, additive manufacturing, or other techniques as
desired). In this embodiment, the opposing end of the
first rocker pins 8 (e.g., the ends opposite from the outer
plate 4 with which the first rocker pins 8 are formed) is
firmly secured by press fit or other means into the outer
plate apertures 14 in the opposing outer plate 4. FIGS.
14A-B illustrate another embodiment of an outer link
1402 that is substantially similar to the outer link 2 except
that the first rocker pins 8 are monolithically or integrally
formed with both outer plates 4 of the outer link 1402.
[0058] Asillustratedin FIGS. 3 and 9, for example, the
first rocker pin 8 includes an engagement face 11 that
faces the center pin 6, and at least a portion of the en-
gagement face 11 contacts the center pin 6 at various
angles of articulation as discussed in detail below. In
some embodiments, the engagementface 11 has a non-
linear profile. In the embodiment of FIGS. 1-9, the en-
gagement face 11 has a convex curved profile; however,
the engagement face 11 may have other profiles as de-
sired. As one non-limitingembodiment, FIG. 18illustrates
the bicycle chain 1800 that is substantially similar to the
bicycle chain 100 except that the curvature of the en-
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gagement face 11 of the first rocker pin 1808 of the con-
necting pin assembly 1805 is reduced in the bicycle chain
1800 compared to the engagement face 11 of the con-
necting pin assembly 5 of the bicycle chain 100.

[0059] In some embodiments, and as best illustrated
in FIGS. 19A-B, the engagement face 11 may be non-
linear in the transverse direction. In the embodiment in
FIGS. 19A-B , the engagementface 11 is arcuate shaped
in the transverse direction. In some cases, a non-linear
profile in the transverse direction may accommodate lat-
eral flex (skew) in the chain. In other embodiments, the
engagement face 11 may be linear and/or have other
profiles as desired in the transverse direction.

[0060] Insomeembodiments,andasillustratedin FIG.
3, for example, the first rocker pin 8 has a shape that is
symmetrical vertically with respect to the vertical cross
section above and below a horizontal plane. In other em-
bodiments, the first rocker pin 8 need not be symmetrical,
and a shape of a portion of the first rocker pin 8 below
the horizontal plane may be different from a shape of a
portion of the first rocker pin 8 above the horizontal plane.
[0061] Thesecondrockerpin7 maybe associated with
the inner link 1 and extends between the inner plates 3.
In certain embodiments, a length of the second rocker
pin 7 in the transverse direction is less than the length of
the first rocker pin 8 and less than the width of the chain
100. In some embodiments, the inner faces 18 of the
outer plates 4 may cover and/or otherwise constrain the
second rocker pin 7 in the transverse direction. In some
embodiments, and as best illustrated in FIGS. 2C, 11A,
and 11B, for example, the second rocker pin 7 is not
firmly affixed to the pair of inner plates 3. In some of these
embodiments, the second rocker pin 7 may pass through
the pair of inner plate apertures 17 and may be loosely
constrained in the transverse direction by the inner faces
18 of the pair of outer plates 4. The second rocker pin 7
may be constrained in the longitudinal direction on one
side by the aperture face 21 of the pair of inner plates
apertures 17 and on the other side by the center pin 6.
By not firmly affixing the second rocker pins 7 to the inner
plates 3, the chain may have greater lateral flexibility
(chain skew).

[0062] FIGS. 10A-B illustrate another embodiment of
an inner link 1001 that is substantially similar to the inner
link 1 except thatin the inner link 1001, the second rocker
pins 7 are firmly affixed or attached to the inner plates 3
via press fitting or other techniques as desired. In other
embodiments, the second rocker pins 7 may be mono-
lithically or integrally formed with one or both of the inner
plates 3.

[0063] FIG. 15 illustrates another embodiment of an
inner link 1501 that is substantially similar to the inner
link 1001 except that one or both of the second rocker
pins 7 are bisected vertically at the transverse midpoint
to create two pin sections 7a, 7b. In this embodiment,
each resulting pin section 7a, 7b may be firmly affixed to
the associated inner plate 3 and/or may be monolithically
or integrally formed with the associated inner plate 3. In
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the embodiment of FIG. 15, a pin section and respective
inner plate are a single component, therefore decreasing
the total parts countfor the chain, yet the vertical bisection
of the inner link rocker pin may allow the chain to achieve
greater lateral flexibility (chain skew).

[0064] Referring back to FIGS. 3 and 9, for example,
the second rocker pin 7 includes an engagement face 12
that faces the center pin 6, and at least a portion of the
engagement face 12 contacts the center pin 6 at various
angles of articulation as discussed in detail below. In cer-
tain embodiments, the engagement face 12 contacts the
center pin 6 opposite from the engagement face 11. In
some embodiments, the engagementface 12 has a non-
linear profile. In the embodiment of FIGS. 1-9, the en-
gagement face 12 has a convex curved profile; however,
the engagement face 12 may have other profiles as de-
sired. As one non-limitingembodiment, FIG. 18illustrates
another example of a bicycle chain 1800 that is substan-
tially similar to the bicycle chain 100 except that the cur-
vature of the engagement face 12 of the second rocker
pin 1807 of the connecting pin assembly 1805 is reduced
in the bicycle chain 1800 compared to engagement face
12 of the connecting pin assembly 5 of the bicycle chain
100.

[0065] In some embodiments, and as best illustrated
in FIGS. 19A-B, the engagement face 12 may be non-
linear in the transverse direction. In the embodiment in
FIGS. 19A-B, the engagement face 12 is arcuate shaped
in the transverse direction. In some cases, a non-linear
profile in the transverse direction may accommodate lat-
eral flex (skew) in the chain. In other embodiments, the
engagement face 12 may be linear and/or have other
profiles as desired in the transverse direction. In some
embodiments, and as illustrated in FIG. 3, for example,
the second rocker pin 7 has a shape that is symmetrical
vertically with respect to the vertical cross section above
and below the horizontal plane. In other embodiments,
the second rocker pin 7 need not be symmetrical, and a
shape of a portion of the second rocker pin 7 below the
horizontal plane may be different from a shape of a por-
tion of the second rocker pin 7 above the horizontal plane.
[0066] In various embodiments, the center pin 6 may
be provided between the first rocker pin 8 and the second
rocker pin 7 in the longitudinal direction such that the
rocker pins 7, 8 are on both sides of the center pin 6.
Such a configuration may optionally minimize sliding at
extreme articulation angles and/or may minimize pitch
variances at these extreme articulation angles.

[0067] The center pin 6 of the connecting pin assembly
5 is not firmly affixed to any adjacent surfaces. In this
aspect, the center pin 6 may "float" in that the center pin
6 is not fixed relative to the first rocker pin, the second
rocker pin, the inner plates, or the outer plates, and the
center pin 6 may instead have independent movement.
In various embodiments, the center pin 6 has opposing
ends 19 in the transverse direction as best illustrated in
FIG. 6, for example. The center pin 6 passes through the
inner plate apertures 17, and the inner faces 18 of the



15 EP 4 047 238 A1 16

pair of outer plates 4 may overlap the ends 19 in the
transverse direction and/or otherwise loosely constrain
the center pin 6 inthe transverse direction. In other words,
the outer plates 4 may provide a barrier to restrict sub-
stantial transverse movement of the floating center pin
6. The center pin 6 is constrained fore and aft in the lon-
gitudinal direction by the first rocker pin 8 on one side
and the second rocker pin 7 on the other side. The center
pin 6 is constrained vertically by the aperture faces 21 of
the pair of inner plate apertures 17. With this arrange-
ment, alength of the center pin 6 is less than the distance
between the inner faces 18 of the pair of outer plates 4
and is less than the distance 24 between the outer faces
33 of the pair of outer plates 4. In addition, the outer plates
4 and the center pin 6 are not firmly attached to each
other in any manner, and some amount of minimal clear-
ance may be provided between the center pin 6 and outer
plates 4, meaning that there is a small gap between the
referenced parts. Such clearance may optionally allow
for the center pin 6 to freely rotate as needed when acted
upon by the rocking tendency of one or both rocker pins
7, 8, and may optionally allow the chain to bend laterally
in the transverse direction.

[0068] The center pin 6 may have various shapes or
profiles as desired. As one non-limiting embodiment, in
FIGS. 1-9, the center pin 6 is in the general shape of an
ellipse and/or in the shape of a diamond in vertical cross
section. As another non-limiting embodiment, in FIG. 20,
the connecting pin assembly 2005 includes the center
pin 2006 that is substantially similar to the center pin 6
except that vertical ends of the center pin 6 are flared or
otherwise have an increased width in the longitudinal di-
rection compared to the center pin 6 of the bicycle chain
100. In one embodiment, the thickness of the center pin
in the longitudinal direction is % the vertical height of the
center pin, although it need not be in other embodiments.
In some embodiments, and as illustrated in FIG. 3, for
example, the center pin 6 has a shape thatis symmetrical
vertically with respect to the vertical cross section above
and below the horizontal plane. In other embodiments,
the center pin 6 need not be symmetrical, and a shape
of a portion of the center pin 6 below the horizontal plane
may be different from a shape of a portion of the center
pin 6 above the horizontal plane.

[0069] In certain embodiments, and as illustrated in
FIGS. 3 and 9, for example, the center pin 6 includes a
first center engagement face 9 and a second center en-
gagement face 10. In some embodiments, the center en-
gagement faces 9, 10 have a non-linear shape or profile.
A radius of curvature of the center engagement faces 9,
10 (and optionally 11, 12) may optionally be a function
of the height of the center pin 6. In some embodiments,
engagement surfaces arc radii are a constant radius
across the height of the engagement surface. In other
embodiments, one or more engagement surfaces have
a variable radii arcuate curve across the height of the
surface. In various embodiments, the engagement sur-
faces are pure arcs, which in other embodiments, the
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engagement surfaces could also be segmented in a po-
lygonal manner representing an arc, instead of a true
curved arc.

[0070] In the embodiments of FIGS. 1-9, the engage-
ment faces 9, 10 have a convex curved shape. When
assembled with the rocker pins 7, 8, a portion of the first
center engagement face 9 may selectively contact a por-
tion of the engagement face 11, and a portion of the sec-
ond center engagement face 10 may selectively contact
a portion of the engagement face 12. In some embodi-
ments, the arc radii of the engagement faces 9, 10, 11,
12 are substantially similar. In other embodiments (and
optionally depending on profile or shape), the arc radii of
one or more engagement surfaces may be different arc
radii to one another.

[0071] In certain embodiments, the center engage-
ment faces 9, 10 may define and/or maintain an area of
contact with the engagement faces 11, 12 through a full
articulation angle 6 between alternating inner links 1 and
alternating outer links 2. Similarly, the engagement faces
9, 10 may maintain an area of contact with the engage-
ment faces 11, 12 through a full range of articulation be-
tween the pair ofinner plates 3 and the pair of outer plates
4,

[0072] With reference to FIG. 9, the articulation angle
between the link plates 3,4 is given as 6 , and the artic-
ulation angle 6 can be achieved for link plates 3,4 if the
rolling contact with 6/2 is seen at each rocker pin 7,8.
This is due to the effect of the center pin 6 located be-
tween both rocker pins 7, 8. In particular, for the bicycle
chains described herein, the rolling contact angle 6 of
each rocker pin 7, 8 allows for twice the articulation angle
of a traditional rocker-joint chain with no center pin. With
this, higher articulation angles can be produced while
maintaining larger radii rocker pin surface arcs, and larg-
er radii rocker pin surfaces produce less sliding (and
therefore lower wear and frictional losses) at the higher
articulation angles. In some embodiments, the articula-
tion angle 6 is from -40° to +40° relative to the horizontal
axis (e.g., 80° total articulation), such as from -36° and
+36°. In other embodiments, the articulation angle 6 may
be various other angles as desired.

[0073] In some embodiments, and as best illustrated
in FIGS. 19A-B, the engagement faces 9, 10 may be
linear in the transverse direction. In other embodiments,
the engagement faces 9, 10 may be non-linear and/or
have other profiles as desired in the transverse direction.
Moreover, a profile of the engagement face 9 need not
be the same as the profile of the engagement face 10 in
any direction.

[0074] Optionally, a roller 22 may be loosely received
on the connecting pin assembly 5 and loosely con-
strained in the transverse direction by the inner faces 28
of the pair of inner plates 3. In other words, the roller 22
may encompass a portion of the first rocker pin 8, a por-
tion of the second rocker pin 7, and a portion of the center
pin 6, and a diameter of the roller may optionally match
a diameter of the connecting pin assembly 5. The roller
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22 may be utilized to allow the chain to be compatible
with standard tooth profiles of modern bike sprockets. In
some embodiments, an inner diameter shape of the roller
22 (e.g., that defines a central aperture of the roller 22)
is perfectly circular, although in other embodiments the
inner diameter of the roller 22 may have other suitable
shapes as desired. In one non-limiting embodiment, the
inner diameter of the roller 22 may be oval. Optionally,
similar to the inner plate aperture 17, the inner diameter
of the roller 22 optionally includes one or more indents
or protrusions as desired. In other embodiments, the roll-
er 22 may be omitted.

Assembled Chain

[0075] The bicycle chain 100 is assembled by provid-
ing the inner links 1 and the outer links 2 in an alternating
arrangement. In certain embodiments, a portion of one
of the inner links 1 may be at least partially received be-
tween the pair of outer plates 4 of an adjacent outer link
2. Insome embodiments, adjacentinner links 1 and outer
links 2 are assembled such that the end regions 29, 31
at least partially overlap. Optionally, adjacent inner links
1 and outer links 2 are assembled such that the connect-
ing features 30, 32 are aligned in the transverse direction.
In some embodiments, some level of clearance exists
between the inner and outer plates to accommodate
chain skew. However, in other embodiments, the clear-
ance between the plates may be just enough to allow
free rotation of the joints.

[0076] The alternately arranged inner links 1 and outer
links 2 are rotatably connected to one another via the
connecting pin assembly 5, and in certain embodiments,
the end regions 29, 31 of adjacent inner plates 3 and
outer plates 4 may be connected by the connecting pin
assembly 5 extending in a transverse direction. When
the inner link 1, the outer link 2, and the connecting pin
assembly 5 are assembled, the first rocker pin 8 connects
the pair of outer plates 4 and extends through the inner
plate apertures 17 (and optionally through the central ap-
erture of the roller 22). In certain aspects, the first rocker
pin 8 is fixedly connected to the pair of outer plates 4.
The second rocker pin 7 extends between the pair of
inner plates 3. In some embodiments, the second rocker
pin 7 is positioned in the inner plate apertures 17, and
the second rocker pin 7 may be fixedly attached to the
inner plates 3 or loosely constrained and/or movable rel-
ative to the inner plates 3. In certain embodiments, inner
faces 18 of the outer plates 4 overlap and/or constrain
the second rocker pin 7 in the transverse direction. In
various embodiments, the length of the second rocker
pin 7 in the transverse direction is less than the length of
the first rocker pin 8 and less than the width of the chain
100. The center pin 6 is between the first rocker pin 8
and the second rocker pin 7 in the longitudinal direction
and extends into the inner plate apertures 17 in the trans-
verse direction. In various aspects, the center pin 6 is not
fixed to an adjacent structure (e.g., the outer plates 4,
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the inner plates 3, etc.) and is independently movable.
The center pin 6 may be constrained in the longitudinal
direction by the rocker pins 7, 8, may be constrained in
the vertical direction by the inner plate apertures 17, and
may be loosely constrained in the transverse direction
by the outer plates 4. In certain embodiments, the inner
faces 18 of the outer plates 4 overlap and/or constrain
the center pin 6 in the transverse direction. A length of
the center pin 6 in the transverse direction is less than
the length of the first rocker pin 8 and less than the width
of the chain 100.

[0077] Referring to FIG. 16, in certain embodiments,
when the bicycle chain 100 is provided on a bicycle, the
chain 100 optionally connects a front sprocket 26, a rear
sprocket 27, and pulley wheels 37, 39. In this embodi-
ment, when the chain 100 is in a straightened manner
under tension and transferring power from the front
sprocket 26 to the rear sprocket 27, the rocker pins 7, 8
and the center pin 6 forming the connecting pin assembly
5 are in a compressive force situation acting upon each
other in a linear manner. An alternating chain link (e.g.,
inner link 1 or outer link 2) engages the front sprocket
26, and the sprocket 26 causes the alternating chain links
1, 2 to articulate at some angular amount 6 relative to
each other. FIG. 8 illustrates other embodiments of an-
gular positions of the alternating inner plates 3 and outer
plates 4 and pins 6, 7, 8 relative to each other and during
an articulation event.

[0078] During an articulation event, the second rocker
pin 7 and the first rocker pin 8 roll an angular amount
equal to 0 relative to each other. The center pin 6 rolls
an amount approximately half of 0 relative to each adja-
cent rocker pin 7, 8. The three pins 6, 7, 8 contact each
other at their associated engagement faces 9, 10, 11, 12
during the articulation event. Specifically, engagement
face 11 contacts and rolls against the opposing first cent-
er engagement face 9, and the engagement face 12 con-
tacts and rolls against the opposing center engagement
face 10.

[0079] In certain embodiments, the first rocker pin 8,
the second rocker pin 7, and the center pin 6 each have
vertical center point. In some cases, the vertical center
points of rotation of the pins 6, 7, 8 are aligned and co-
planar in the longitudinal direction when the chainis in a
straightened (not articulated) manner. As a non-limiting
embodiment, in FIG. 3, when the chain 100 and the chain
links 1, 2 are in a straightened condition (i.e., the links 1,
2 are not articulated), the center points of the rocker pins
are aligned in the longitudinal direction. In other embod-
iments, at least vertical center point need not be aligned
in the longitudinal direction with another vertical center
point. As a non-limiting embodiment, in FIG. 17, when
the chain 1700 and chain links are in a straightened man-
ner the center points of the pins 6, 7, 8 are not aligned.
In particular, in this embodiment in FIG. 17, one or both
of the rocker pins 7, 8 are angularly offset above a center
line 41 defined by the center pin 6 extending in the lon-
gitudinal direction. In other embodiments, the vertical
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center points may be offset as otherwise desired.
[0080] Optionally, the bicycle chain described herein
may include an overdrive slide feature when the second
rocker pin 7 and the inner plates 3 are decoupled. In other
words, the overdrive slide feature may be provided when
the second rocker pin 7 is not fixed to the inner plates 3
(and when the inner plates 3 are likewise not fixed to the
first rocker pin 8 or the center pin 6). In such embodi-
ments, the inner plate 3 will still force the second rocker
pin 7 to rock until the angular rocking limit is achieved.
Once the angular rocking limit is achieved, then the slid-
ing "overdrive" allows the inner plates 3 to continue ar-
ticulating.

Illustrations

[0081] A collection of exemplary embodiments are pro-
vided below, including at least some explicitly enumer-
ated as "lllustrations" providing additional description of
a variety of example embodiments in accordance with
the concepts described herein. These illustrations are
not meant to be mutually exclusive, exhaustive, or re-
strictive; and the disclosure not limited to these example
illustrations but rather encompasses all possible modifi-
cations and variations within the scope of the issued
claims and their equivalents.

[0082] Illustration 1. A bicycle chain comprising: a pair
of outer plates, wherein the pair of outer plates defines
a width of the bicycle chain in a transverse direction; a
pair of inner plates positioned at least partially between
the pair of outer plates; and a connecting pin assembly
connecting the pair of outer plates with the pair of inner
plates, wherein the connecting pin assembly comprises:
a first rocker pin; a second rocker pin; and a center pin
between the first rocker pin and the second rocker pin in
a longitudinal direction, wherein a length of the center
pin in the transverse direction is less than the width of
the bicycle chain.

[0083] lllustration 2. The bicycle chain of any preceding
or subsequentillustrations or combination of illustrations,
wherein: the first rocker pin comprises a firstengagement
face; the second rocker pin comprises a second engage-
ment face; the center pin comprises a first center en-
gagement face configured to engage the first engage-
ment face of the first rocker pin and a second center
engagement face configured to engage the second en-
gagement face of the second rocker pin; and the first
engagement face, the second engagement face, the first
center engagement face, and the second center engage-
ment face each comprise a non-linear profile.

[0084] lllustration 3. The bicycle chain of any preceding
or subsequentillustrations or combination of illustrations,
wherein the first engagement face, the second engage-
mentface, the first center engagement face, and the sec-
ond center engagement face each comprise a convex
profile.

[0085] lllustration4. The bicycle chain of any preceding
or subsequentillustrations or combination of illustrations,
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wherein the non-linear profile of the first engagement
face is different from the non-linear profile of at least one
of the second engagement face, the first center engage-
ment face, or the second center engagement face.
[0086] lllustration 5. The bicycle chain of any preceding
or subsequentillustrations or combination of illustrations,
wherein an angle of articulation of the pair of outer plates
relative to the pair of inner plates is -40° to +40° from a
horizontal axis.

[0087] lllustration 6. The bicycle chain of any preceding
or subsequentillustrations or combination of illustrations,
wherein the first rocker pin extends between the pair of
outer plates and is fixedly connected to the pair of outer
plates, wherein the second rocker pin extends between
the pair of inner plates, and wherein a length of the sec-
ond rocker pin in the transverse direction is less than the
width of the bicycle chain.

[0088] lllustration 7. The bicycle chain of any preceding
or subsequentillustrations or combination of illustrations,
wherein the second rocker pin is fixedly connected to the
pair of inner plates.

[0089] lllustration 8. The bicycle chain of any preceding
or subsequentillustrations or combination of illustrations,
wherein the pair of outer plates constrain the center pin
in the transverse direction.

[0090] lllustration 9. The bicycle chain of any preceding
or subsequentillustrations or combination of illustrations,
wherein the connecting pin assembly further comprises
aroller encompassing at least a portion of the first rocker
pin, at least a portion of the second rocker pin, and at
least a portion of the center pin.

[0091] lllustration 10. A bicycle chain comprising: a pair
of outer plates, wherein the pair of outer plates comprises
outer surfaces and inner surfaces, wherein the outer sur-
faces are outermost surfaces of the bicycle chain in a
transverse direction, and wherein the inner surfaces face
each other; a pair of inner plates; and a connecting pin
assembly connecting the pair of outer plates with the pair
ofinner plates wherein the connecting pin assembly com-
prises: afirstrocker pin; a second rocker pin; and a center
pin between the first rocker pin and the second rocker
pin in a longitudinal direction and comprising a pair of
opposing ends, wherein the inner surfaces of the pair of
outer plates cover the opposing ends of the center pin
and constrain the center pin in the transverse direction.
[0092] lllustration 11. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein a length of the center pin in the transverse
direction is less than a distance between the outer sur-
faces of the outer plates.

[0093] lllustration 12. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the first rocker pin extends between the
pair of outer plates and is fixedly connected to the pair
of outer plates, wherein the second rocker pin extends
between the pair of inner plates, and wherein a length of
the second rocker pin in the transverse direction is less
than the width of the bicycle chain.
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[0094] lllustration 13. The bicycle of any preceding or
subsequent illustrations or combination of illustrations,
wherein the second rocker pin is fixedly connected to the
pair of inner plates.

[0095] lllustration 14. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein: the first rocker pin comprises a first en-
gagement face; the second rocker pin comprises a sec-
ond engagement face; the center pin comprises a first
center engagement face configured to engage the first
engagement face of the first rocker pin and a second
center engagement face configured to engage the sec-
ond engagement face of the second rocker pin; and the
first engagement face, the second engagement face, the
first center engagement face, and the second center en-
gagement face each comprise a non-linear profile.
[0096] lllustration 15. Abicycle chain comprising: a pair
of outer plates elongated in a longitudinal direction,
wherein the pair of outer plates comprises outer surfaces
and inner surfaces, wherein the outer surfaces are out-
ermost surfaces of the bicycle chain in a transverse di-
rection, and wherein the inner surfaces face each other;
a pair of inner plates at least partially between the inner
surfaces of the pair of outer plates; and a connecting pin
assembly connecting the pair of outer plates with the pair
of inner plates, wherein the connecting pin assembly
comprises: a first rocker pin extending between the pair
of outer plates, wherein the first rocker pin is fixedly con-
nected to the pair of outer plates; a second rocker pin
extending between the pair of inner plates; and a center
pin between the first rocker pin and the second rocker
pin in the longitudinal direction, wherein the center pin is
not fixed to the pair of inner plates and is not fixed to the
pair of outer plates.

[0097] lllustration 16. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein a length of the center pin in the transverse
direction is less than a length of the first rocker pin in the
transverse direction.

[0098] lllustration 17. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein a length of the center pin in the transverse
direction is less than a distance between the outer sur-
faces of the pair of outer plates.

[0099] lllustration 18. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein: the first rocker pin comprises a first en-
gagement face; the second rocker pin comprises a sec-
ond engagement face; the center pin comprises a first
center engagement face configured to engage the first
engagement face of the first rocker pin and a second
center engagement face configured to engage the sec-
ond engagement face of the second rocker pin; and the
first engagement face, the second engagement face, the
first center engagement face, and the second center en-
gagement face each comprise a non-linear profile.
[0100] |lllustration 19. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
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tions, wherein the second rocker pin is not fixed to the
pair of inner plates and is not fixed to the pair of outer
plates.

[0101] lllustration 20. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the inner surfaces of the pair of outer plates
cover opposing ends of the center pin in the transverse
direction and constrain the center pin in the transverse
direction.

[0102] lllustration 21. A bicycle chain comprising: a pair
of outer plates comprising outer surfaces and inner sur-
faces, and wherein a distance between the outer surfac-
es is a width of the bicycle chainin a transverse direction;
a pair of inner plates at least partially between the pair
of outer line plates; and a connecting pin assembly con-
necting the pair of outer plates with the pair of inner plates,
wherein the connecting pin assembly comprises: a first
rocker pin comprising a first engagement face; a second
rocker pin comprising a second engagement face; and
a center pin between the first rocker pin and the second
rocker pin, wherein the center pin comprises afirst center
engagement face configured to engage the first engage-
ment face and a second center engagement face con-
figured to engage the second engagement face, wherein
the first engagement face, the second engagement face,
the first center engagement face, the second center en-
gagement face each comprise a convex profile, wherein
a length of the center pin in the transverse direction is
less than the width of the bicycle chain, and wherein the
inner surfaces of the pair of outer link inner plates con-
strain the center pin in the transverse direction.

[0103] lllustration 22. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the center pin comprises an elliptical
cross-sectional profile.

[0104] lllustration 23. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the connecting pin assembly further com-
prises a roller encompassing at least a portion of the first
rocker pin, at least a portion of the second rocker pin,
and at least a portion of the center pin.

[0105] lllustration 24. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the roller comprises a central aperture,
and wherein the first rocker pin, the second rocker pin,
and the center pin are received within the central aper-
ture.

[0106] lllustration 25. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the central aperture comprises atleastone
of a circular cross-sectional shape or an oval cross-sec-
tional shape.

[0107] lllustration 26. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein a surface of the central aperture comprises
at least one of an indentation or a protrusion extending
into the central aperture.

[0108] lllustration 27. The bicycle chain of any preced-
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ing or subsequent illustrations or combination of illustra-
tions, wherein the second rocker pins are monolithically
formed.

[0109] lllustration 28. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the second rocker pins are bisected such
that the second rocker pins comprises a first pin portion
and second pin portion.

[0110] |lllustration 29. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein an angle of articulation of the pair of outer
plates relative to the pair of inner plates is -40° to +40°
from a horizontal axis extending in a longitudinal direc-
tion.

[0111] |lllustration 30. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein a length of the second rocker pin in the
transverse direction is less than the width of the bicycle
chain.

[0112] |lllustration 31. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the inner surfaces of the pair of outer plates
constrain the second rocker pin in the transverse direc-
tion.

[0113] |lllustration 32. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the first center engagement face is en-
gaged with the first engagement face over a full range of
articulation angles of the pair of outer plates relative to
the pair of inner plates, and wherein the second center
engagement face is engaged with the second engage-
ment face over the full range of articulation angles of the
pair of outer plates relative to the pair of inner plates.
[0114] lllustration 33. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the first engagement face comprises an
arc radius, wherein the second engagement face com-
prises an arc radius, wherein the first center engagement
face comprises an arc radius, and wherein the second
center engagement face comprises an arc radius.
[0115] |lllustration 34. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the arc radii are the same.

[0116] |lllustration 35. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein at least one arc radius is different from
another arc radius.

[0117] |lllustration 36. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein a clearance is defined between the pair of
outer plates and the pair of inner plates.

[0118] |lllustration 37. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein at least one inner plate of the pair of inner
plates comprises an inner link aperture, and wherein the
first rocker pin, the second rocker pin, and the center pin
are received within the inner link aperture.

[0119] Illlustration 38. The bicycle chain of any preced-
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ing or subsequent illustrations or combination of illustra-
tions, wherein the inner link aperture comprises a circular
cross-sectional shape or an oval cross-sectional shape.
[0120] lllustration 39. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein a surface of the inner link aperture com-
prises at least one of an indentation or a protrusion ex-
tending into the inner link aperture.

[0121] lllustration 40. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the center pin, the first rocker pin, and
second rocker pin each comprise a central axis extending
in the transverse direction, and wherein, when the chain
is in a straightened configuration, the central axes are
parallel.

[0122] lllustration 41. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the center pin, the first rocker pin, and the
second rocker pin each comprise a central axis extending
in the transverse direction, and wherein, when the chain
is in a straightened configuration, at least one central axis
is not parallel to another central axis.

[0123] lllustration 42. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the second rocker pin is not fixed to the
pair of inner plates.

[0124] lllustration 43. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the second rocker pin is fixed to the pair
of inner plates.

[0125] lllustration 44. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, wherein the first rocker pin is fixed to the pair of
outer plates and is not fixed to the pair of inner plates.
[0126] lllustration 45. The bicycle chain of any preced-
ing or subsequent illustrations or combination of illustra-
tions, further comprising a plurality of pairs of outer plates,
a plurality of pairs of inner plates, and a plurality of con-
necting pin assemblies, wherein each connecting pin as-
sembly connects adjacent pairs of inner plates and outer
plates.

[0127] The above-described aspects are merely pos-
sible examples of implementations, merely set forth for
a clear understanding of the principles of the present dis-
closure. Many variations and modifications can be made
to the above-described example(s) without departing
substantially from the spirit and principles of the present
disclosure. All such modifications and variations are in-
tended to be included herein within the scope of the
present disclosure, and all possible claims to individual
aspects or combinations of elements or steps are intend-
ed to be supported by the present disclosure. Moreover,
although specific terms are employed herein, as well as
in the claims that follow, they are used only in a generic
and descriptive sense, and notfor the purposes of limiting
the described invention, nor the claims that follow.



25 EP 4 047 238 A1 26

Claims

1.

A bicycle chain (100) comprising:
a pair of outer plates (4),

a pair of inner plates (3), and

a connecting pin assembly (5) connecting
the pair of outer plates (4) with the pair of
inner plates (3), wherein the connecting pin
assembly (5) comprises:

a first rocker pin (8);

a second rocker pin (7); and

a center pin (6) between the first rocker pin (8)
and the second rocker pin (7) in a longitudinal
direction,

The bicycle chain (100) of claim 1, wherein the pair
of outer plates (4) defines a width of the bicycle chain
(100) in a transverse direction;.

The bicycle chain (100) of claim 1 or 2, wherein the
pair of outer plates (4) comprises outer surfaces and
inner surfaces, wherein the outer surfaces are out-
ermost surfaces of the bicycle chain (100) in a trans-
verse direction, and wherein the inner surfaces face
each other;

The bicycle chain (100) according to any of the
claims 1-3, wherein the pair of inner plates are po-
sitioned at least partially between the pair of outer
plates (4)

The bicycle chain (100) according to any of the
claims 1-4, wherein a length of the center pin (6) in
the transverse direction is less than the width of the
bicycle chain (100).

The bicycle chain (100) according to any of the
claims 1-5, wherein the center pin (6) between the
first rocker pin (8) and the second rocker pin (7) in
the longitudinal direction comprises a pair of oppos-
ing transverse ends, wherein the inner surfaces of
the pair of outer plates (4) cover the opposing trans-
verse ends of the center pin (6) and constrain the
center pin (6) in the transverse direction

The bicycle chain (100) according to any of the
claims 1-6, wherein the first rocker pin is extending
between the pair of outer plates (4), wherein the first
rocker pin (8) is fixedly connected to the pair of outer
plates (4) and the second rocker pin (7) extends be-
tween the pair of inner plates (3).

The bicycle chain (100) according to any of the
claims 1-7, wherein the center pin (6) is not fixed to
the pair of inner plates (3) and is not fixed to the pair
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10.

1.

12.

13.

14.

15.

of outer plates (4).

The bicycle chain (100) of claim 15, wherein a length
of the center pin (6) in the transverse direction is less
than a length of the first rocker pin (8) in the trans-
verse direction.

The bicycle chain (100) according to any of the
claims 1-9, wherein a length of the center pin (6) in
the transverse direction is less than a distance be-
tween the outer surfaces of the pair of outer plates

(4).

The bicycle chain (100) according to any of the
claims 1-10, wherein the inner surfaces of the pair
of outer plates (4) cover opposing transverse ends
of the center pin (6) in the transverse direction and
constrain the center pin (6) in the transverse direc-
tion.

The bicycle chain (100) according to any of the
claims 1-11, wherein:

the first rocker pin (8) comprises a first engage-
ment face;

the second rocker pin (7) comprises a second
engagement face;

the center pin (6) comprises a first center en-
gagement face (9) configured to engage the first
engagement face of the first rocker pin (8) and
a second center engagement face (10) config-
ured to engage the second engagement face
(10) of the second rocker pin (7); and

the first engagement face, the second engage-
ment face, the first center engagement face (9),
and the second center engagement face (10)
each comprise a non-linear profile.

The bicycle chain (100) according to any of the
claims 1-12, wherein the first engagement face, the
second engagement face, the first center engage-
ment face (9), and the second center engagement
face (10) each comprise a convex profile.

The bicycle chain (100) according to any of the
claims 1-13, , wherein the non-linear profile of the
first engagement face is different from the non-linear
profile of at least one of the second engagement
face, the first center engagement face, or the second
center engagement face.

The bicycle chain (100) according to any of the
claims 1-14, wherein an angle of articulation of the
pair of outer plates (4) relative to the pair of inner
plates (3) is -40° to +40° from a horizontal axis.



EP 4 047 238 A1

00T

15



EP 4 047 238 A1

001

vz 814

16



EP 4 047 238 A1

001

|
%wm
mﬂam 1
M v
u E
/M W
{ %
L
A

17



100

EP 4 047 238 A1

~

A

S

|3

K
T
:

Fig. 2C



EP 4 047 238 A1

19



EP 4 047 238 A1

20



Fig. 5




EP 4 047 238 A1

9 ‘314

00T

e

22



EP 4 047 238 A1

23



EP 4 047 238 A1

24



EP 4 047 238 A1

6814

25



EP 4 047 238 A1

1001

T

1001

Fig. 10B

. "
",
%, ",
s, o
&
", .,
- S

,Wx/w/, N

fz///z

NN

1101

Fig. 11B
26




EP 4 047 238 A1

Fig. 13B

27



EP 4 047 238 A1

-
2 ¥
\ /
\ e S R A f;,}
~, -
o, i - M\%"”Wm P g

p */Jf’f: AT . d i {H"jf L
xf’f;f o ;Zv
8 —1 -
7 4 8
o 77
YOOI IO PP PRI PPNy
\

Fig. 15

28



EP 4 047 238 A1

29



EP 4 047 238 A1

30



EP 4 047 238 A1

o

1714
Fig. 18

31



EP 4 047 238 A1

9671 814

V6T ‘814

32



EP 4 047 238 A1

0z 814

33



EP 4 047 238 A1

2103
e

2100

Fig. 21



10

15

20

25

30

35

40

45

50

55

EP 4 047 238 A1

9

des

Europdisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 22 15 7811

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X GB 317 467 A (MORSE CHAIN CO) 1-4,7,8, INV.
26 June 1930 (1930-06-26) 12-14 F16G13/04
* figures 1-5 * B62M9/06
————— F16G13/06
X US 1 563 065 A (BELCHER WARREN J) 1,5,6,
24 November 1925 (1925-11-24) 9-15
* figures 1-6 *
X,D US 2001/019977 Al (WAKABAYASHI SHOZO [JP]) |1-4,
6 September 2001 (2001-09-06) 12-15
* figures 1-5 *
A WO 2015/115392 Al (TSUBAKIMOTO CHAIN CO 1
[JP]) 6 August 2015 (2015-08-06)
* figures 1-9 *
A US 1 830 206 A (MORSE FRANK L) 1
3 November 1931 (1931-11-03)
* figures 1-14 *
TECHNICAL FIELDS
SEARCHED (IPC)
F16G
B62M
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 12 July 2022 Simens, Mark Phil

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A :technological background

O : non-written disclosure

P : intermediate document

: theory or principle underlying the invention
: earlier patent document, but published on, or

after the filing date

: document cited in the application
: document cited for other reasons

: member of the same patent family, corresponding

document

35




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 4 047 238 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 22 15 7811

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

12-07-2022
Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 317467 A 26-06-1930 NONE
US 1563065 A 24-11-1925 NONE
US 2001019977 Al 06-09-2001 DE 60107884 T2 25-05-2005
EP 1128091 A2 29-08-2001
JP 2001234985 A 31-08-2001
us 2001019977 Al 06-09-2001
WO 2015115392 Al 06-08-2015 JP 2015143537 A 06-08-2015
WO 2015115392 A1l 06-08-2015
US 1830206 A 03-11-1931 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

36



EP 4 047 238 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 6572504 B, Wakabayashi [0002] e US 4186617 A, Avramadis [0002]

37



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

